Chinese Physical Society

Mﬂﬁﬂ Acta Physica Sinica

Institute of Physics, CAS

Fresnel ;B F 4B RGNS D PEERE
IS AT Mk Bl KRR AP BMEF B22Mm HVE $ A%

High-resolution reconstruction of Fresnel zone plate coded imaging
Wang Xin-Yi Fan Quan-Ping WeiLai Yang Zu-Hua Zhang Qiang-Qiang Chen Yong Peng Qian
Yan Zhuo-Yang Xiao Sha-Li Cao Lei-Feng

5| F15 2. Citation: Acta Physica Sinica, 66, 054203 (2017) DOI: 10.7498/aps.66.054203
7£ 26 %35 View online:  http://dx.doi.org/10.7498/aps.66.054203
23 N %% View table of contents: http://wulixb.iphy.ac.cn/CN/Y2017/V66/15

AT RERCH B BB S &
Articles you may be interested in

FRAR SRR =4 AR B0 23 #
Theoretical analysis of spectrum reconstruction imaging using single-pixel detection
PP A H%.2017, 66(3): 034201  http://dx.doi.org/10.7498/aps.66.034201

P S0 AR 55 X0 i U8 ) oA R R 5 i
Fast Bayesian blind restoration for single defocus image with iterative joint bilateral filters
PP 224%.2016, 65(23): 234202  http://dx.doi.org/10.7498/aps.65.234202

BT IR ZEFERE A TH M H bR BRI SR
Visual tracking based on the estimation of representation residual matrix
VP22 4%.2016, 65(19): 194201  http://dx.doi.org/10.7498/aps.65.194201

FE T PO HIOA AR 10 252 3 T RE A P22 A
Surface roughness modeling based on laser speckle imaging
PP 2E4%.2015, 64(23): 234203  http://dx.doi.org/10.7498/aps.64.234203

ETR SR G E B REE
Guided filter-based blind image restoration method
Y= 4.2015, 64(13): 134202  http://dx.doi.org/10.7498/aps.64.134202


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.66.054203
http://dx.doi.org/10.7498/aps.66.054203
http://wulixb.iphy.ac.cn/CN/Y2017/V66/I5
http://wulixb.iphy.ac.cn/CN/abstract/abstract69361.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract69361.shtml
http://dx.doi.org/10.7498/aps.66.034201
http://wulixb.iphy.ac.cn/CN/abstract/abstract68846.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68846.shtml
http://dx.doi.org/10.7498/aps.65.234202
http://wulixb.iphy.ac.cn/CN/abstract/abstract68376.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract68376.shtml
http://dx.doi.org/10.7498/aps.65.194201
http://wulixb.iphy.ac.cn/CN/abstract/abstract66065.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract66065.shtml
http://dx.doi.org/10.7498/aps.64.234203
http://wulixb.iphy.ac.cn/CN/abstract/abstract64515.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract64515.shtml
http://dx.doi.org/10.7498/aps.64.134202

38 % 4R Acta Phys. Sin.

Vol. 66, No. 5 (2017) 054203

Fresnel’R R mIB RGNS oirERE"

FotED? Ema Y #kD HaEED KERY KREFD ZEY
2 HYED FHED

1) (th B LR S e oL R AR F rhol, S TR B E TSR E, 4RFH 621900)
2) (ERKE:, HEEAR R REHE M E A=, K 400030)

(2016 4 8 F 24 HYLE; 2016 £ 11 7 30 HURFIME SR )

ASCHR T MHTH Fresnel S5 v 4t AR K B 7%, SRS BT b, X R 75 AT ASEEL
B 23 8] 43 MK P BUATT 5, #2505 S Bk E, Fresnel s g fith G 2 18] 43 7K P B T Gm A o iy
P HIRANATE R, A SCHE 1 L T VA S 1 X BR A, AT LOA BRI TERE I 1/me (m N IEEERR), AT

Y I SRR AR PR,

KRR Pl iR, i PR, Fresnel Bl 1, #ilir Gabor B A

PACS: 42.30.Va, 42.40.Kw

15 =

B P s g H R (ZPCT) f&—Fi g b %
HFEMIEAR: 55— 20 il i u i AL IR 1 % B AR
(g s 28 A R AR SR A 1 G i P 2 HH AR
HARI 218 704 15 2. 1961 £E i Mertz Al Young $2
L Bz R TR S P R A BRI
P24 R R AR 7 A5 4 101, AR AR I 24 SR AR AR
F (inertial confinement fusion, ICF) 433k [¥] 52 A Fil
REICHI G AT, X2 FA X F ICF #F 5
H B R AR AR AT (kLT e BTy SR
FETBE X S LR 55 MR, oAt B8 A A DAZE 2K
ZPCIH ARG IR LA, 45 ICF W FL AR, £ {8
R EAE: FAALAS SR (RAM) BR824
1 ARG (PAM) H AR FN I 5 TU AR B 51 4 i A%
(URA) AR %%, H o ZPCI, RAM 1 PAM # K M
%, E=Fgmid g R, ZPCIEAR. 2
B i (7, (H RAM FI PAM (¥ 4 B 5L 55 25 5 il 4
A5 SR ICF B Feh, i &M HE 2. 3%
LLNL 52536 = f5 5 B H08 7 375 F g i B0 R A8

DOI: 10.7498/aps.66.054203

ICF W7 B RLH, fok 1 06 R0 7 vh s e &
R B 4% S I R AR 1000 1), SRR T RAM
AR H AR 0L F0 PAM R BA S 12090y [
B PAM AR T A0t 7t o [ Do) R KR
. (161 7 TCF 450 ) = 224 F 10 )2 PAM A B P
T80 FEANKIT UG T 2 i AR B AR AE ICF Bff 7T 40 45
IREF, 1989 4F, AZ T4 U7 HF e 7 RAM £ AR 1
WHL AR, 25 T-0H A FLgm A% A 2002 4 &
e [T fE ] 7 P9 58— 22 o BT Fresnel 35 A 4
FHAL, BTG TISCER 3 B, K15 1 1 A 2R — IR
JIRAR AL SN X IR R .

Mertz Fl Young f 54 H % 5 F 9 it A% B2
RIS, SR B 07 R e i gm b P f E . 1
HAEARE KRG, BRI IERCN 48 H
P b v g vk UL AR i, 2 ) o R R Al
R AR BRI B ZEHR AR L —, Fresnel it v
G SR ) 7 (8] 23 R 5 iyl AR R T Ar T
5%, B HREA R F KT 1.22Ar B4R 8], B AE
X Y% B, Fresnel a7 i BB AN %6 B Ar 200 1.1
ZIRIRE], ARTREAEHR /D, XA —EREE EIRE| 1

* [H B RS RIT R LI (S 2012YQ130125) I K B AR AR 4 (i 5 11375160) BB

T #E/E#H. BE-mail: leifeng.cao@cnep.cn

© 2017 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

054203-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.66.054203
http://wulixb.iphy.ac.cn

) I8 % 3R Acta Phys. Sin.

Vol. 66, No. 5 (2017) 054203

Fresnel ¥ 717 J 2 i BAZ I . AR SCEEXE 13 i)
RO, R — T YRR I P g B AR ) E R R
¥ HH T 1% S Fresnel 345 1 dm i B 1, mI 3k A5
T8 T ) 40 R 1) 0 v 20 M SR R T, FRATTHE N
Fresnel P77 v 9 A F80 A% 1) K 27 2 1R FIASEHDL SI2 56
ANT7 T H AT RIS

2 Fresnel % # Fr 9% A5 i 14 o0 802 & 8

W 1B, B et AR — e rT g e B
W & BB (40 e PR AN RO TR AL R) S )
Fresnel ¥ 15 F b, YeZR &y G BE52 & 2 #2
Wbt BT Bidm i B R B S0 AT £ 9 i 1
B, I IE Y B R g Y AT AR R, B R
B (546 B ) H g k.

(2) WGP (RIS
A
T Fresnel i b |, R R i 1]
LERAIOR IR I HEATALEL, DA G

h 4

gty |

(b)

1 B FromtS SR (a) WFEE K (b) SR K
Fig. 1. (a) The flowchart and (b) the light-path dia-

gram of zone plate coded imaging.
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Fig. 2. (color online) Step diagram of zone plate code imaging: (a) The original image; (b) the Fresnel zone plate;
(c) the coded image; (d) the result.
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Fig. 3. (color online) The results through n-th order Gabor zone plate’s deconvolution: (a)—(f) The result through

the first, third, fifth, seventh, ninth and eleventh order Gabor zone plate’s deconvolution, respectively.
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Abstract

Zone plate coded imaging is an experimental technique for particle and strong X-ray imaging, which is widely
applied to astronomy, nuclear medicine, and laser inertial confinement fusion researches. From conventional perspective,
spatial resolution of zone plate depends on the encoding zone plate width of outermost ring Ar with a size greater than
1.22Ar. In X-ray region, however, the outermost ring width of Fresnel zone plate is limited by processing technology.
Such a limitation makes it impossible to fabricate a sufficiently small zone plate, thus restricting the applications of
Fresnel zone plate coded imaging. In this paper, we present a new reconstruction method of zone plate coded imaging
by using a higher-order order Gabor zone plate. With the proposed method, higher spatial resolution can be achieved
than with the regular methods, thus the spatial resolution is improved by 1/m times the width of outermost ring (where

m is a positive integer). Consequently such a breakthrough goes beyond the limits of Rayleigh criterion in general.

Keywords: zone plate coding, high-resolution imaging, Fresnel zone plate, higher-order Gabor zone plate

PACS: 42.30.Va, 42.40.Kw DOI: 10.7498/aps.66.054203
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